Longitudinal neuroimaging studies in major depression have revealed cortico-limbic abnormalities which are modulated by treatment. We performed a systematic review and meta-analysis of psychotherapy treatment studies measuring neural function and metabolism using fMRI, PET, SPECT and MRS. Seventeen studies were included in the systematic review, total of 200 major depression participants (mean age 37.6 years), all medication free, and 116 healthy controls (mean age 36.4 years). Neuroimaging assessments were performed prior to initiation of treatment and following course of treatment. Treatment durations were: 16-30 weeks for CBT, 11 weeks for behavioral activation therapy, and up to 15 months for psychodynamic psychotherapy. The metaanalysis consisted of studies in which both groups had same serial scans and comparable tasks; total of 5 studies with visual presentation tasks of emotional stimuli: 55 patients (mean age: 38.7 years) and 55 healthy controls (mean age: 36.3 years). The meta-analysis revealed a significant group by time effect in left rostral anterior cingulate, in which patients showed increased activity following psychotherapy while healthy controls showed a decrease at follow up. Longitudinal treatment effects revealed reduced left precentral cortical activity in major depression. Findings could be indicative of improvements in emotion responsivity that may be achieved following psychotherapy.
A R T I C L E I N F O

Keywords:
Meta-analysis Neuroimaging Major depressive disorder Cognitive behavioral therapy Psychodynamic Interpersonal Psychotherapy Psychological intervention
A B S T R A C T
Longitudinal neuroimaging studies in major depression have revealed cortico-limbic abnormalities which are modulated by treatment. We performed a systematic review and meta-analysis of psychotherapy treatment studies measuring neural function and metabolism using fMRI, PET, SPECT and MRS. Seventeen studies were included in the systematic review, total of 200 major depression participants (mean age 37.6 years), all medication free, and 116 healthy controls (mean age 36.4 years). Neuroimaging assessments were performed prior to initiation of treatment and following course of treatment. Treatment durations were: 16-30 weeks for CBT, 11 weeks for behavioral activation therapy, and up to 15 months for psychodynamic psychotherapy. The metaanalysis consisted of studies in which both groups had same serial scans and comparable tasks; total of 5 studies with visual presentation tasks of emotional stimuli: 55 patients (mean age: 38.7 years) and 55 healthy controls (mean age: 36.3 years). The meta-analysis revealed a significant group by time effect in left rostral anterior cingulate, in which patients showed increased activity following psychotherapy while healthy controls showed a decrease at follow up. Longitudinal treatment effects revealed reduced left precentral cortical activity in major depression. Findings could be indicative of improvements in emotion responsivity that may be achieved following psychotherapy.
Introduction
Major depression is the most prevalent of the mental health disorders, affecting an estimated 350 million people globally, and is the leading cause of disability worldwide (Vos et al., 2015) . The disorder is associated with a high risk of relapse, which is about 50% following the first depressive episode and increases up to 80% after two episodes (Mueller et al., 1999) . Treatments which can reduce the risk of a depressive relapse are essential for supporting recovery and for maintaining interpersonal, social and occupational functioning. While antidepressant medication has demonstrated efficacy in reducing the risk of relapse, a course of treatment with cognitive behavioral therapy is as efficacious in preventing a depressive relapse as ongoing treatment with antidepressant medication (Cuijpers et al., 2014) , and psychodynamic psychotherapy is as efficacious as cognitive behavioral therapy for the treatment of major depression (Steinert et al., 2017) .
We know that psychological therapies are effective treatments for acute depressive episodes and can aid in preventing a depressive relapse, however the mechanisms of these treatments are not well understood. The different forms of therapy have been founded on distinct principles, which guide the format and procedures in each treatment. Cognitive behavioral therapy considers the interrelationship between the affect, behavior and cognitions which predominates in depression, namely the low mood, social withdrawal and negative thinking style that are characteristic of an acute depressive episode. Cognitive behavioral therapy proposes that addressing the cognitive processes and content that underlie the dysfunctional attitudes and behavior is a key component in alleviating depressive symptoms (Lorenzo-Luaces et al., 2015; Sheppard and Teasdale, 2000) . Behavioral activation therapy was developed as a stand-alone component of cognitive behavioral therapy https://doi.org/10.1016/j.pscychresns.2018.07.002 Received 24 November 2017; Received in revised form 22 July 2018; Accepted 25 July 2018
